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Abstract- This resegreh 15 & invesfigete e offect af pogng
ratio fo e praperties gf polypropyne (PR when incompovated
with eperddined nesyyal rubbey (ENE). The FRENR Merd was
prepared By mwlt conpouinding wEng eR iernel wEcer and
wiice rized Hivaugh e curing, Mechewicel ksing neh ar
fensile it hardness E5tond ingact £5 wes pefovmed &
cheEracknize e propevies qf PRENR biend. It wes cleevly
obseyved e ENR percentnge in PPAENR blend ineres ses
fmipfwess and flediiliyy of tie sarpies. JF congmred & page
FF, 4ol PRENR biend showed ingrovement of elongation o
Iver I and ingoral stvengtf up b of % o xd Jaf, respectively In
coRrEst By Ensk strength and havdness decregses g3 Hw
grymint gt PP deqerses. It war contilued by propevies
ingarted by elastic cheins qf eross-Bnled ENR The obmined
properdes showed good oovvelztion withh frecture surfices
obseyved in miconcopy anelysis perfirmed by Field Endsfion
Scanning Electron Microseope gt pupraficetion of S0 end
J000=.

Heywewd Pobpraplens,  fpoddzed Mbwral Robder  Rlaad
N chepcal praperiies

I INTRODUICTION

Thermoplashe elastomers (TPEs) belong to a class of
material that combines physical properties of thermoplastic
ard elastomer. They exlibit pmopertes typical of mbher
materials but can be processed like thermoplashes.
Blending of polrmers 5 a comumon teclmology, fequently
applied in omer to develop a product with supenor
mecharmeal properbes from mexpensive polymer material
(Darina 2008). It 15 aimed to obtain materials, which as far
as posshle combire the advantages, but not thenr
disadvartages. Furthermore, TPE:; give better matenal
utihzabon than thermoseting mate nals becanse scraps and

rejects can be recweled and re-worked (Ismail et al
20017,

Thermoplaste elastomer based on natiral mbber and
thermoplastic blends are classified as  “thermoplastic
rataral mbber” [TPHE] blends. There are taro types of
TFHEs; 1] prepared by blending MNE with thermoplastic
sach as palyclefin to got cocontitmons phase morpholozy
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and 1t 15 technologically classified as  “thermoplaste
polyolefin (TPOY, 21 It 5 kmwown as “thermoplaste
vialearmizate [TFV) wiich prepared by blending NE wath
polyolefirs and the mbber phase 15 wleamzed dunng the
mixing process at high temperatore; the process is knowrn
as ‘dynamic vuleamzaton (D)7 (Makas on et al. 2008).

Folypropylere (FF1 15 an addibonal polymer with a
large molemular weizht distibution (Meyer and Eesurerdjes
2005). Thew ave tlwee types of PP such as atatie [(aPF),
isotactic [iFP) and symdiotactie (sPF) (Brrdson 1955,
1299, It has wide range of application due to it urmqme
propetiss such as high nelting temperatire, lowr density,
high chemical resistarce, and resistance to heat On the
other hand, PP exhibits poor impact stiength which gives
lindtation to several ofher applications (da Costa et al.
2010, Haogt et al. 1997, Ttackd 1994).

Epcridized natral mbber (ENE) is a matenal of zreat
imerast, exlibiting a double fanetionality for cwosslinking
(double bonds and epowy site] wlhile retaining most of the
propetties of mnatiral mbber (Pire ot al. 20100 The
epoxidation of natiral nhber can be perfbrmed using
peracid; generated fom reaction of formoc acid and
hydrogen perosxide (Lian 19987 The properties of ENE are
gradually changed with inrreasing degree of epoxidation
[Myriam et al. 2010; Liam 1998). Presence of epoxy gronps
in mbber chain inparted zreat properties to namml mbher
such as o1l resistance, lowr zas permeability, zood wet grip
and lugh danping chamcteristics (Mohamad et al. 2005,
2010, Thib harmmaerong et al. 0070

The main objechve of blemding elastomeric phase
[(EHE) mnto PP is to mmprove its flesability and behavionr at
loar temperatares [Lopez-Manchedo et al 20010 In
polymer blerds with a crywtallizable conponert, the final
propeies are deterrmined by (1) mode and state of
dis persion of rabb ery domains in the cowstalline mabasx;, (2
the texbire, dimensions amd size distbuhon of spherlites
of the matnx;, (3) the inner stuchire of spherlites, 12,
lamellay and nder lamellay thickmess, (4) plysical stuchire
of mter sphemhite boundary regiors and amorphous imer



latnellar regions; and [5) the adhesionbetareen the nihbery
domains and the crystalline mabx (George et al. 20000, In
a study by Eoshy et al. (re-stated in Gearge et al. 20007,
the crystallimty of the blends decreased with the increase
in HE content, and the interplanar distance, d wahies
incweased on the additon of NE indicating the nigration of
HE phase mic the nderchain space of EVA. Blends of
polyproprlens with mibile nbber possess the excellent
pwocessing characterishes amd mecharcal properbes of
polypropylene with the oil resistance ard flexdbiliby of
NEE.

3 tadies conducted on FRVENE or ENFJFF blend were
fomisirng more on shadwing the effect of dymanne
wileamization (Makason et al. 20, 2008,
Thitithattunaerong et al. 2007) or irradiation [Jenna ot al.
203 o the properties of the blend. There is less
significant effort on studving the effect of PP EHE ratio 1o
its physical or mechanical properties. In tlhis paper, we
have investigated the efféct of midng ratic betareen
thermoplastic and nabber material to mecharical properties
of polypropylenefeporidized natiml nhbber blends. The
properties were supported by morphology analysis on the
tensile fractire marfaces.

II.EXFERIMENTAL
A Marerial

PP used in thus research 5 Polypmpylens hoamo-
polymer TITANPRED 6551 (1s0tactie type] with 2 specified
melt flowr irdex of 5.5 /10 miroates. It was mpplied by
Titan PP Palymes (M) 53dn BEld. ENE was supplied by
the Walaysian Fubber Board under the trade name of ENE
S0arith 53% eporadization The average Mooney viscos ity
[reasared at ML (1+47 100°C ] wras 355, and the averagze
specific grvity at approximately 25°0C was 0.9356 Sulfar
was used a5 wlcaniming agent whemweas mine oidde and
stearic acid were wsed as actwators in the malfiar curing
systern The salfar, mme oxide, and steanc acid wem
purchased fom average specific gravity at approximately
250 was 0,938, Sulfur was wed as vuleamizing agent
whereas @ oxide and steanc acid wee wsed as actvators
in the sulfar muring syster The sulfiv, =mine oxide, and
stearic acid wewr purchased fom Sin Fubtech®.

B i sing and preparation of sanple

The fommmlaton of PRAENE blerds 15 givenin Table 1.
The dymanic valrarization was carried out using a Haakes
EHEOMIX OF imernal miver MMiving chamber was A0
cr’ amd the bateh sizes were 50 + Sz, The miver was
operated at a corstant rotor speed betareen 80 rpm-20 rpm
at termperature mnge of 1709C - 200°%C. The mixing for
sachbatchtook placed for 10 mirmtes: firstly, FP and ENE
was added mto the mixing chamber and mived for 2
rimites, then, sulfir was added and miving contismed for
another 2 nimtes to complete the dynamic vuleanization.

a9

The produced TFV was immediately removed fom the
chamber and left at room temperatare for 24 hoars. Then,
samples wem pressed using GTA14-A4 hot press from
Gotech shout 5 mumtes at temperatire of 185%C  and
prassure of 1800kziom®. Subsequently, the samples were
cooled dowrn under pressure to wom temperatire for 3
mirmates. Samples were mut 1rdo desirable simes according
to ASTM standards of warious mechanical testing. It was
then kept at wom tempe rmbure for 24 hours before fither
testing.
Tabk 1 Formulatioe of PRAEHE blnd

Tiatemink fLbwm ak i) | granm) |
TR
+ 7050 FRENE Wwon | 4566
4050 FRENE
T ook 50 | 238
Steark Soil 75 | 1
Sukir Z0 | 041
Total W5 | 5000

O Mechar sal properiies

Tensile test was carried out according to ASTH DESE.
It 5 the most cormmon plastic strength specifications ard
covers the tensile properbies ofunremforced and remnforced
plastics. This test method using standard "dwmbbell” or
"doghome" shaped specimens at 5 mm thickness . Dambbell
spacimers of PRVENE blends were out from monlded
sheets using a Gotech cutter machine. The tensile test was
performed using Autograph AG-IC Umiversal Teshng
Machine fiom Zhimad= Scembfic Isbuments at a cross
head speed of 2.0 mrmnin at rocen temperatie, 25+ SaC.

Hardness of the samples was tested using a Show Type
D CV durometer accoding to ASTM D2240. The stardard
testspecimen for ASTR D2240 15 64 x 12,7 x 3.2 mum (2%
x ¥z 1f2 inch) The most commmaon s pecimen thickness is
3.2 mm(0.125 ixch), but the prefarred thickress is 6.4 mm
[0.25 imeh) becanse 1t is not as likely to0 berd orcrash.

Samples prepared according to ASTM D 258 were
tested for mmpact strength for Izod pendulim nmpact
resistance using an Dnpact tester. Un-notched specimen
was held as a vertical cantilevered beam and impacted byra
pendulim.

I0. RESTILTS & DIS CUSSIONS
Mecharg eal Properfies

Fizure 1 and 2 shows the comparison of tersile strength
and Toung's modulis betreen pure FP oand FRIENE
blends. It canbe seen that the ternsile strength and Voung's
modulus decieases with mecreasing mbher comert 1n the
bland. These reducticms were due to the decieased inblerd
vigidity with increasivg ENE content. At lower mibher
content (beloar 50%5), the elastomer phases mmained as
dispersed bodies. As the nibber content increases farther,



patticle—particle irtermction of the nhbber phases henmce
oechis1on ard accounts for the obsered decrease mn tensile
stength amd Voungs moduls of FRAENE blends In
FPVENE blends, the molecular ertanglements in the mbher
chairk prevert rapid floar and distashed the ability of the
FP to move (Jeefferie et al. 2018 and to be strain-
oty tallized inresponse to the applied steess.
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Aecording to Gearge et al. (20007, mbher particles are
prsent m imer- ard inbra-spheralibe reziomn of the
crywtallive phase plastic (Figure 51 Herce the chsenred
decrease in crestallinity 5 due to the fact that the
farmation of erystallites m the blend was affected by the
presence of mbher particles. This remlts in the lower
tersile strength of the PEEHE blend if conpared to virgin
FP. Furthermore, the presence of crosslinking in
thermoplastic matrix lmits the flowr and mdbility wrluch
athibutes o the nzdity of the polymeric chans of the
T30 FRENE bland; increase the stffhess of the blend
[@anmna et al. 008). In contrast, the crosslinking in mbher
mabrie of 4050 PRENE blend impart elastic behaviour
ard lowers the Young's modulis of PP due to nbber-like
properbes introduced by the ENE (5 enna et al. 2008].
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Figme 3 Proposed schemat i represevution of e fre stoachms of
by FRENE blrds { Adupted from George etal. 20000

Az dhstrated in Figne 4, FRENE 40/80 had the
hizhest value of elonzation to break (EE) of compared to
pure PP and 70030 FR/ENE . It depicts the hetter elas ticity,
tmglmess and flexbility of the material The pae PP
showrs the lowrest value of EB whereas, 70/50 FRVENE
shows moderate valie in between pure PP oand 40080
FREMNE. The EE walie increases with mncreasing rabio of
ENE in thermoplasties (Serma ot al, 2008). It is divectly
represents the inprovement on the abiliby of the material to
ahsoth  energy a5 mbher content increases  sinece
crosslinking in mbher phases (ENE-50) wrill impart the
elashe behavior to the blend (Zunna et al. 2008). Besides,
the 30 wits addiion of ENE imto PP increased the imer-
planar distance (d vale] wlich indicates that mbher
parbicles ate present in the 11dva-spherubhc stuchwe of FP
[(Gearge & al 2000). As the concentration of ENE
imcreased to 50 wits and sbove the d value decreased
resulted from cechision of mbber parbicles in imer
spheraliic ®gions due to the large size of ENE at higher

concentrations.
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Fizure 5 showrs the hardness versus mbber content in
FP/ENE blend. The pure FP [0 wits of ENE) shows the
hghest hadness in the range of 73 to 78 Show D if
compared to 40060 PRENE ard 70030 FRENE. Hardness
indirectly mpresents the s tiffhess or ngidity of the material
which measies the ability of the matenial 4o be scratched
or indented by other material. The stffhess decreases as
the mbber content increases 1n the sample. It was clearly
observed m 40080 PEENE sanples. The samples show the
lowarest hardness in the range of 40 to 44 Zhore D which
indic ates redurton of aboat 44 %% if compaed to pure PF.
This is kighly conbibuted by elastic propertes of mbher
thase in the bland. It shows good agresmment with the EE
values ohtaired in tensile test (Figare 47

Fizure & showrs the inpact stength of FRENE blends
in comparis on with pare PP The 40080 FRVENE shows the
lighest impact strength in the range of 21 t0 2.7 Iim of
comnpared to pare PP ard 70030 FIVENE. Higher inpact
strength represerds a higher resistance of the material to
Facture urder inpact loading, This 15 related to touzhness
of the muaterial wherehy it measmies the ability of the
material to withstand both plastie and elastic defornnations.
It depicts the amount of enerzy that requiwd by the
material to breal the bond befbre fractired. It was in
agreerrent with msults dhserved in tensile test whereh v EB
values increases as the ENE content increases. [n this case,
ENE &5 toagher than PP and make it a zood candidate to
mee ase the flexibility of thermoplas bie matenal. Howrever
the impact strength of 70020 PRENE deviated from this
comelation as it shows the lowest impact strength (in the
ratge 0% to 1.00Mm) if compaed to virgin PP or 40480
FR/ENE. Localized and catastrophic deformation in isnpact
test lowrers the ability of mbber particles in intea-
sphemlitic stmctare of PP fo absobh emergy, efficiently.
These caiglt rbbers act as fromen bodies and inttiate
brtlle fithire of the blend. It conchides that erergy
absorption 1 a fensile test camot be correlated writh the
level of touglmess at nnpact steain sate (Clhen and Evamns
2002; Moharad et al. 20117.

Table 2 manunanizes the fensile propertes, hardness and
impact stength of PRENE blerds. Temile strength and
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EE decrease as the EHE loading increase. On the other
hand, ¥oang s modals also decreases with increasing of
EHE in the blends. In terms of hardness, mmcreases of
mbber decreases the hamness of FRVENE blends. Wile,
increased of ENE lngher than 50wt mcreased the nmpact
strength of FRFEN E.

et Seraegth || S

Figme § Inpact wenibter coperit

Table 2 : Mechardcal properties o EME filled mrioe loading of PIYENE
Hlerds

Froperties Type of sarnple
100 FF /3 FEENR S0K0
ITENR
Terells strerzfh
2331 778 425
o NiE
AE - 0Ee 037 0,105
(hPa)
Elwgationat
Brak, (14) a5n 1237 1660
H“m;;fm 743 £0.23 4230
Impact Strevefh
i) 163 05 255

B Mmphological Analvsis

Figure 7 ard B shows the tensile fractre surfices of FF,
70030 PREN E and 40060 FR/ENE blexds. The dark phases
represent the ENE and the brght phases correspond to the
PP. Moast of the fractire marfaces showr spherical shaped
dimples finm pulled-out of PP domains or ENE domains
except fiov the fractoeraph af unfilled PP as i1 can be seen
in Flgure 7a) and Fizare 8(a). The fractograph of the
unfilled FF shows characteristics of ductile fractare under
umaxial tersile loads with the chvicus pattern of shear
vielding on the sarface. In Figure Ab) and B(b), Hactore
surface of V50 PRVENE blend reveals that the EME were
dispersed as domains in a contitmons PP thase. This is the
stage where ENE is present in the intra-spherilitic
stuchue of PP (Fizure 3). In Figare 7(c), the ENE phase
started to enlarge its size and formed bigzer ENE domains
in PP matrix. The stuetire was slighfly in between
proposed struchwe of 50050 PR/ENE ard 30/70 FEEHE in
Fioare 3. In addition, there were smaller PP doenains (TP
parbcles) simated in ENE phases as depicted in S(c). It
clearly has shown the condibon where occhisions of ENE




phase started o form as the concentration of mbber matix
Wgher than 50 witts in the blend; with the presence of FP
partimil ates trapped mthe ENE regions .

Dimple from pullcut of
ENFE

PFdormains

Figxe 2 Scaredre electror mioogmph o (2 hadilled PRLL ) TOE0
PREME axd () 4040 FRMENE at magpdfication of 3000

IV. CONCLUSIONS

L5 a comchision, 1t wras found that the thermoplaste
vuleanizates of PEFEHE at high ndbhher content showrs
inproverment in its  toaghmess and flexibility. The
elongzation at beak walies 1rcreases as the rabber comterd
imcreased in the blend. On the other hand, the addihon of
F&g.me? Scmmgehctrmmmgaphcf {ajurfilled T, (b ) A0/30 mbher content inceases impact strenzth at meore than 50

FREME and (¢ ) 40450 FR/EHR st agnfication of S0 wi ¥ into the thermoplastics matrx. It was clearly proven
when 40/60 FREENE blend showed mcrement of nnpact
strength to 255 Tim if compared to 185 Ifm in pare PP
Howevwer, the addition of mbber cortent lowrers the temsile
strength, Toung's modulus ard hardness of the blend due
to the reducton in PP. These properfies are highly
contrbuted by the rigidity of PP chains amd ability of it to
be starerystallimed. In contrast the presence of
crosslinking in mabber mabix of 40060 PRENE umparted
elastic behaviowr amd decreased the Younss modubis of
PF dus to mbber-like popertes intoduced bythe ENE.
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